Abstract -The Fenland basin is filled with unconsolidated Holocene marine and freshwater deposits. Stratigraphic studies of the basin date back to 1877. This paper reviews the various lithostratigraphic schemes which have been proposed. Particular attention is paid to the presently accepted lithostratigraphy. Examples and a case study of a newly surveyed area are used to highlight its failings. Many of the difficulties experienced in Fenland are common to problems of lithostratigraphic classification in coastal lowland environments, as is demonstrated by reference to recent debate in the southeastern North Sea. In Fenland, as a result of the shortcomings of the various schemes, it is proposed that a new lithostratigraphy with formal stratotypes is devised. Suggestions are made as to the form this new stratigraphy could take. In the meantime, an informal lithostratigraphy should be adopted which has no regional or chronostratigraphic connotations.
Introduction
The Fenland basin of eastern England covers an area of approximately 4000 km 2 ( Fig. 1) . During the Holocene, infilling of the basin with unconsolidated sediment has occurred in response to sea-level change and local processes (Shennan, 1986a, b; Waller, 1994) . Marine clastic sediments, predominant at seaward localities (around the Wash), intercalate with freshwater deposits over the central part of the basin. Around the landward edge freshwater deposits dominate, namely organic, fluviatile and lacustrine clastic deposits.
Difficulties have been encountered in defining the lithostratigraphy of these deposits due to both the discontinuous nature of peat layers and lateral changes in sediment types which are common in the clastic layers. Similar problems have confronted stratigraphers working on deposits of comparable age and palaeoenvironment in the Netherlands (Van Loon, 1981 Berendsen, 1984 a) and Belgium (Baeteman, 1981 (Baeteman, , 1987 . Successive lithostratigraphic schemes have been adopted for the Holocene deposits of Fenland. Unfortunately, all have their failings and the presently accepted scheme (Gallois, 1979) has been found to be impractical and imprecise when used in the field. There is need for a redefinition of the lithostratigraphy.
Lithostratigraphic classification is an essential tool to the geologist, as it provides a reliable framework upon which other data can be hung and forms the basis for geological mapping. It is therefore important t Present address: School of Geosciences, The Queen' s University of Belfast, Belfast BT7 INN, Northern Ireland, U.K. that the lithostratigraphy is (a) accurately defined, (b) discernible in the field and (c) widely accepted.
The International Stratigraphic Guide (Hedberg, 1976) has succeeded in promoting international agreement on the principles of stratigraphic classification and has developed an internationally accepted stratigraphic terminology and procedure. The Geological Society, London (Holland et al. 1978; Whittaker et al. 1991) has made further suggestions on procedure with regard to stratigraphic terminology and nomenclature. It is therefore imperative that these guidelines are followed in order to minimize confusion.
The main requirements of a stratigraphic classification scheme as laid down in Hedberg (1976) are that (a) litho-, chrono-and biostratigraphic schemes should be separate and (b) each unit should be clearly defined and based on a stratotype (type section) and type locality which acts as a reference. This procedure is essential in areas of complex and variable stratigraphy where it may be necessary to define several subordinate stratotypes (hypostratotypes).
Fenland lithostratigraphy

2.a. Previous lithostratigraphic schemes
The Holocene stratigraphy of Fenland was first defined by Skertchly (1877) . Subsequently, a further four schemes have been proposed. Several of these have mixed litho-and chronostratigraphy. The latest, that of Shennan (19866) is based on chronostratigraphy alone and is therefore not reviewed in this paper. The lithostratigraphic divisions of the various schemes are detailed below and represented in Figure  2 . 
2.a.l. Skertchly (1877)
Skertchly (1877) noted that the organic and clastic layers deposited in Fenland were very variable and discontinuous on both a local and regional scale. It was not, in the opinion of Skertchly, possible to correlate over large distances on the basis of lithology. Therefore, a simple classification into Peat (landward) and Fen Silt (seaward) was adopted. However, different lithologies, termed clay and warp, were recognized in the Fen Silt, with Skertchly noting a general seaward increase in warp.
2.a.2. Godwin & Clifford (1938) Modern ideas on the evolution of the Fenland basin were developed by Sir Harry Godwin. Working in southern Fenland, Godwin sank boreholes to establish the nature of the deposits and their continuity and developed a chronology using archaeological evidence with chrono-correlation between distant sites attempted by pollen analysis. Godwin (his lithostratigraphic scheme is most clearly set out in Godwin & Clifford, 1938) divided the sediments of southern Fenland into four units. The lowest unit, the Lower Peat, was thickest within channels cut into the pre-Holocene sediment. The overlying Fen Clay was itself overlain by the Upper Peat which typically formed the surface sediment. The fourth, uppermost unit, the Upper Silt (also referred to as the Marine Silt and Romano-British Silt) was, in the areas investigated by Godwin, largely confined to major channel systems. The Fen Clay was described as 'dark grey-blue, slightly silty but soft and buttery to the touch. It is also exceedingly micaceous... and grades into a light clayey silt, brown or yellow in colour' (Godwin & Clifford, 1938, p. 339) . No lithological descriptions were given of the peats or the Upper Silt.
In Godwin's archaeologically based chronology (Godwin & Clifford, 1938; Godwin, 1940 ) the deposition of the Lower Peat was envisaged as not being widespread until c. 3500 BC, though it started to form in channels as early as c. 7500 BC. The Fen Clay was deposited between Neolithic and early Bronze Age layers at a site in southeastern Fenland (Shippea Hill) and a late Neolithic age was therefore inferred (c. 2000 to 1500 BC). Romano-British finds from within the channel silts led Godwin & Clifford (1938) to conclude that the Upper Silt was both deposited and occupied during the Romano-British period. Subsequent radiocarbon dating (here all radiocarbon dates are given in BP, uncalibrated radiocarbon years before AD 1950) resulted in the modification of this chronology. Willis (1961) indicated that the Fen Clay was deposited between c. 4690 BP (in the more seaward areas) and c. 4195 BP (at its inland limit), while Churchill (1970) indicated that deposition of the Upper Silt occurred between c. 3250 and c. 2250 BP.
2.a.3. Gallois (1979) Gallois (1978 Gallois ( , 1979 mapped the Holocene deposits of the King's Lynn area. New names were applied to the four-fold lithostratigraphy of Godwin & Clifford (1938) , with the exception of the Lower Peat. Although brief lithological descriptions are given, there is no reference to type sections and the units are partly redefined on age.
The Fen Clay was renamed the Barroway Drove Beds. Barroway Drove is an area from which surface peats have disappeared in historic times. It was therefore presumed that the inorganic sediments which crop out at the surface here pre-date the Upper Peat. The Barroway Drove Beds were defined as consisting of very soft, wet, interlaminated clays and silts with occasional burrows. Former tidal creeks filled with silt and very fine-grained sand occur. Gallois stated that this unit differed from the Terrington Beds (Upper Silt) only in colour, being shades of grey, and by the presence of numerous water-filled, peat root-holes (from the overlying Nordelph Peat).
The Nordelph Peat overlies the Barroway Drove Beds (the term was also adopted for surface peats lying beyond the inland limits of the marine deposits) and was said to consist 'largely of reed stems and rhizomes and only in those areas close to the edge of the Fenland does it contain appreciable quantities of wood' (Gallois, 1979, p. 34) . These deposits were believed to have accumulated between 4000 and 2000 BP, although we are also told in Gallois (1979) that the unit continued to form until the reclamation works of the 17th to 19th centuries.
The uppermost Terrington Beds include 'the present-day salt marsh deposits... and similar deposits inland which have been reclaimed since and during Roman times' (Gallois, 1979, p. 34) . The base of the Terrington Beds was defined as the disconformable upper contact of the Nordelph Peat. In the more northerly areas the Terrington Beds rest on intertidal deposits passing laterally into the Nordelph Peat. The disconformity was, following Churchill (1970) , dated at between c. 3250 and 2250 BP. The Terrington Beds were defined as consisting of finely laminated, dull, slightly reddish-brown clays and pale-brown silts with most of the original bedding destroyed. The unit contains former tidal creeks infilled with silt and very fine-grained micaceous sand.
2.a.4. Modifications applied to the Gallois scheme in the Peterborough and Spalding regions
As a result of the publication of Mineral Assessment Reports (Booth, 1981 (Booth, ,1982 , a geological map (Wyatt, 1984) and an associated memoir (Horton, 1989) , a modified form of the Gallois (1979) scheme has been applied in the Peterborough region. Here, further intercalations between organic and clastic sediments are evident. Peat layers within the Barroway Drove Beds were referred to as ?Lower Peat by Booth (1981 Booth ( , 1982 ) and a Middle Peat was defined by Horton (1989) . Wyatt (1984) , in addition, subdivided the Barroway Drove Beds into upper and lower members. The Nordelph Peat was divided into two units called the upper and lower leaves, with the lower leaf separating the upper and lower Barroway Drove Beds. The upper Barroway Drove Beds was stated as being more silty than the lower Barroway Drove Beds (Horton, 1989) . This modified stratigraphy has now been extended to the Spalding area (Horton & Aldiss, 1992) .
2.b. Difficulties with the schemes
Skertchly (1877), realizing the complexity of the Fenland deposits, avoided correlation on the basis of lithology. However, his scheme of lithostratigraphic classification merely informs us that the sediments become dominated by clastic deposits seaward and organic deposits landward. This simplification is inadequate for most present studies.
Before the more recent classification schemes are reviewed it should be stated that none were devised as formal lithostratigraphies to cover the whole basin. They have, however, subsequently been formalized and extrapolated to new areas by the original author or others.
Godwin worked in southern Fenland where the Holocene deposits can be readily divided into four parts and where there is a very broad correspondence between lithology and stratigraphic position. The lithostratigraphic scheme devised reflected this. Godwin also made some effort to demonstrate a correspondence in age. As it appeared unnecessary, no attempt was made to restrict the usage of the terminology devised to units of lithology, stratigraphic position or time and they became synonymous with all three (see, for example, Churchill, 1970; Godwin, 1978; Seale, 1974 Seale, , 1975a Seale & Hodge, 1976; Willis, 1961) . Although difficulties with this scheme have largely arisen through its application to other parts of Fenland (see below), research in recent years has demonstrated that the simple relationship between lithology, stratigraphic position and time of deposition envisaged by Godwin and others does not apply even within southern Fenland. This region is divided by upland extending north from the Cambridge area to March (Godwin & Clifford, 1938; Waller, 1994) with tripartite sequences found on both sides of this divide. Correlation between the two sequences was attempted using pollen analysis (Godwin & Clifford, 1938; Godwin, 1940) and subsequently radiocarbon dating (Willis, 1961) . The changes in pollen stratigraphy used by Godwin have now been shown to be related to changes in sedimentary environment (Waller, 1994) , while the early attempts at radiocarbon dating were inadequate (samples were not always taken from sediment contacts and in some cases were from locations where the tripartite sequence does not occur). Radiocarbon dating has now demonstrated that on the eastern side of the divide the sediment body ascribed to the Fen Clay was deposited between 5800 and 3800 BP and on the western side between 4000 and 3200 BP (Waller, 1994) .
The scheme of Godwin & Clifford (1938) invites us to correlate sequences on the basis of lithology. Lithology, however, does not reflect time of deposition but sedimentary environment. At any one time within the Fenland basin a series of depositional environments, arranged in a spatial zonation, will have existed. As a result, lithological characteristics would be expected to change laterally and vertically, with changes in the relative position and extent of these sedimentary environments occurring through time. That this is the case and that substantial bodies of Holocene inorganic sediment in Fenland cannot, away from the rather enclosed embayments of southern Fenland, be separated on lithology, can be readily demonstrated. For example, the deposits found overlying and underlying a peat layer, exposed during the construction of the Wisbech bypass, which, following Godwin' Figure 3 . Section through Holocene deposits east of Harold's Bridge (Horton, 1989) . The Terrington Beds lie directly upon the Barroway Drove Beds with the 'lower leaf of Nordelph Peat' occurring within the Barroway Drove Beds. The level of the Nordelph Peat (sensu Gallois, 1978) is termed '?horizon of upper leaf. The numbers relate to the lithologies as follows: 1 -bluish grey clay, 2 -patchy peat, 3 -bluish grey clay, 4 -pale fawn laminated silt, 5 -dull brown silty clay, 6 -fawn crossbedding silt, 7 -stiff bluish grey clay, 8 -peaty silt and clay, 9 -humic silt with snails post Terrington Beds.
in both clastic units, but one particular lithology cannot be said to predominate in either. Gallois (1979) essentially applies Godwin's fourpart division to an area (east of Wisbech) where there is no apparent difference in lithology between the clastic layers. His units have to be separated on stratigraphic position or apparent age. The latter is contrary to the principles of stratigraphic classification (Hedberg, 1976 ) and impracticable for field mapping which, at least over short distances, must rely on stratigraphic position or lithology for correlation. It should also be noted that, because of a general similarity with Godwin's scheme, despite Gallois' definitions, his terms have acquired lithological connotations. The Barroway Drove Beds are generally regarded as being comprised of finer sediments than the Terrington Beds (see the comments on Wyatt's and Horton's work below).
Difficulties with the four-part schemes and using stratigraphic position for correlation arise in areas where more (or less) than four units can be recognized. Chronological or lithological assumptions concerning the relationship of a particular sequence to the fourpart scheme must be made. That a four-part system of lithostratigraphic division is not applicable to the whole of the Fenland basin has been evident since the 1930s. Edmunds (in Godwin & Godwin, 1933) recorded four peat layers at Wiggenhall St Germans on the eastern side of Fenland [though recent work close to this site has indicated that the basal layer is probably not of Holocene age and the uppermost layer may not be in situ; Waller (1994) ], while stratigraphic profiles in Godwin & Clifford (1938) indicate additional peat layers between Peterborough and Guyhirn. Subsequent work has demonstrated the presence of such units in Lincolnshire, near Spalding (Smith, 1970; Shennan, 1986a; Horton & Aldiss, 1992) and Holbeach (A. J. Wheeler, unpub. Ph.D. thesis, Univ. Cambridge, 1994) , Cowbit Wash (Shennan, 1986 a) , the Stickney region (Waller, 1994) and in north Cambridgeshire (Booth, 1981 (Booth, , 1982 Wyatt, 1984; Shennan, 1986a; Horton, 1989; Waller, 1994) .
The work of Wyatt (1984) , Horton (1989) and Horton & Aldiss (1992) demonstrates the problems of attempting to fit Gallois' (1979) scheme to sequences with which it does not comply. Figure 3 shows a section taken from Horton (1989) . Although only one peat is present, the terminology of Wyatt (1984) is applied by assuming the Terrington Beds lie directly upon the Barroway Drove Beds, and the contact between the laminated silt and bluish grey clay is referred to as '?horizon of upper leaf (Nordelph Peat)'. The Barroway Drove Beds are divided into the upper and lower members by the peat unit. However, an alternative application of the Gallois/Wyatt terminology can be suggested, which is equally valid given the definitions of these units. The alternative places all the material above the single peat unit in the Terrington Beds and considers the clay layer at the base of this unit as a facies change. Similar lithological successions have been reported by Waller (1994) several kilometres to the south near Murrow and by Wheeler (unpub. Ph.D. thesis, Univ. Cambridge, 1994) to the north at Sutton Crosses (see Section 2.c). In these areas, if chronostratigraphy is applied, the latter would appear the 'correct' interpretation. At Murrow the body of sediment mapped by Wyatt (1984) as part of the upper Barroway Drove Beds has been shown to post-date 2130 + 50 BP (Q-2590) (Waller, 1994) .
Application of Gallois' scheme is particularly problematic around the inland edge of Fenland. Problems arise where stratigraphic units (the marine brackish clays) are absent. In such circumstances the Lower Peat cannot be distinguished from the Upper Peat (Nordelph Peat). Gallois ' (1979) solution (extending the term Nordelph Peat to cover such areas) seems inappropriate given that the peat is frequently lithologically different in and outside the limits of marine sedimentation (see, for example, Godwin & Vishnu-Mittre, 1975; Wheeler, 1992) . The complexity of the stratigraphic column becomes a problem in areas close to where major rivers (e.g. the Great Ouse, Nene, Welland, Cam) enter the Fenland basin. Additional units, freshwater shell marls and alluvium, interdigitate with the deposits of the basin. Holmes (1970) , for example, defined seven stratigraphic units in the Cambridge region. The types of sedimentary sequences found in such areas are illustrated in Figure  4 . The two stratigraphic columns, both from close to where the Great Ouse enters Fenland, are taken from sites 3.5 km apart. At Willingham Mere all the sediments are of freshwater origin; the lower clay at Foulmire Fen was deposited in a marine/brackish environment (Waller, 1994) .
In addition to the above problems, the units of both Godwin & Clifford (1938) and Gallois (1979) are illdefined. Godwin's scheme suffers from a lack of adequate descriptions and makes no reference to type sections. Gallois (1979) gives lithological descriptions for all the units, although fails to define a stratotype, merely making reference to rather broad type areas.
2.c. The Terrington Beds in the Holbeach area, Lincolnshire
The difficulties associated with using the Gallois (1979) scheme of lithostratigraphic classification in the field can be further demonstrated by reference to recent work undertaken in the Holbeach area of south Lincolnshire (A. J. Wheeler, unpub. Ph.D. thesis, Univ. Cambridge, 1994) . Here, various sediment types and their associations have been defined. A schematic cross-section through the area showing informal lithostratigraphic units is provided in Figure 5 .
The sand-silt-clay unit in the northern part of the area was deposited in a foreshore environment. Boreholes and a section near Penny Hill show two phases of deposition in the upper 3 m marked by slight fining upward sequences. The youngest depositional phase grades up into clayey silt, although this is only preserved in a few localities. The deposits of these two phases are lithologically similar and differentiation is difficult in most cases; for this reason they are treated as one lithostratigraphic unit. Borehole data suggest that this unit reaches a thickness in excess of 22 m.
The sediments in the southern part of the area are in sharp contrast to those found in the north. Blue/grey clayey silts, deposited in a brackish/marine environment, intercalate with freshwater peats. Peat formation ceased at 2260 + 40 BP (SRR-4585) at Sutton Crosses, comparable with other dates (see Waller, 1994 ) from the top contact of the Nordelph Peat (sensu Gallois, 1979) . As many as three peat layers have been identified in the area resulting from an increased tendency for interruption of peat formation by clastic deposition towards the seaward limit of peat growth.
The upper peat unit is overlain by a clay, this sequence being very similar to that found by Horton (1989) (Fig. 2) and by Waller (1994) at Murrow. The contact between this clay and an overlying silty clay and clayey silt is characteristically gradational (> 10 cm) and marked by the deposition of silt laminae which increase in frequency up-section. A transition to saltmarsh is envisaged (A. J. Wheeler, unpub. Ph.D. thesis, 1994; Wheeler, 1994) .
Two phases of saltmarsh deposition are represented by orange/brown silty clay to clayey silt units. Archaeological evidence (Green, 1961; Hallam, 1970; Smith, 1970; A. J. Wheeler, unpub. Ph.D. thesis, Univ. Cambridge, 1994) suggests that these units are comparable in age to the Terrington Beds of Gallois (1979) . Each unit fines upward and becomes finer grained landward. Sediment was deposited on the marsh by means of the saltmarsh creek system. Consequently, the lithology is locally strongly controlled by the proximity of the former saltmarsh creeks. These are far more numerous than represented in Figure 5 and tend to obscure the region patterns outlined above. The saltmarsh creeks have been subsequently infilled by sand-silt-clay. Associated with the former creeks are storm-induced overbank deposits and levees.
Chronostratigraphic correlation between the deposits of the north and south is complicated by the unconformable contact between the foreshore and saltmarsh sediments. It is reasonable to assume that the two phases of deposition recognized in the foreshore sediments are isochronous with the two phases of saltmarsh formation. However, this cannot be substantiated.
Problems exist when trying to apply the stratigraphy of Gallois (1979) to these deposits. The orange/brown silty clay and clayey silt units in the south can be assigned to the Terrington Beds on the basis of age and colour. However, the base of the Terrington Beds is not so easy to place. The clay unit lies stratigraphically above the peat unit and has a clear basal contact, whereas its upper contact is gradational with the overlying unit. On the basis of stratigraphic position it would seem logical to place the basal contact of the Terrington Beds as the contact between the peat and clay units. However, the grey clay unit shows greater affinities, in both facies and lithology, to the intercalated clay below, rather than the orange/brown clayey silts above. In addition, Gallois (1979) states that the Barroway Drove Beds can be distinguished from the Terrington Beds on the basis of colour, the former being grey and the latter reddishbrown. In similar circumstances Horton (1989) classified a clay unit as the upper member of the Barroway Drove Beds with an inferred position for the upper leaf of the Nordelph Peat (Fig. 3) . However, nowhere in the Holbeach area has a peat unit been found to overlie the clay, making the inference of an upper leaf of the Nordelph Peat unjustified. Alternatively, with the top of the peat unit dated to 2260 + 40 BP (SRR-4585), if Gallois' (1979) scheme is applied chronostratigraphically then the peat unit correlates with the Nordelph Peat and the clay with the Terrington Beds. Wyatt (1984) used the occurrence of two peat layers in the Peterborough area [where such a sequence appears to be uncommon (Waller, 1994] ) to subdivide the Nordelph Peat and Barroway Drove Beds. The Holbeach study has revealed up to three peat layers and a greater number may exist. Were the logic of Wyatt (1984) to be followed, a middle leaf of the Nordelph Peat and corresponding middle members of the Barrow Drove Beds would be defined. Where the peat layer is not present, which is the general situation, its stratigraphic position would have to be inferred.
In the northern part of the area, a seemingly simpler situation exists with the Terrington Beds represented by one unit of sand-silt-clay. However, problems arise when it is considered that this sand-silt-clay unit can be traced to a maximum depth of 22.56 m (A. J. Wheeler, unpub. Ph.D. thesis, Univ. Cambridge, 1994) . As the Gallois (1979) stratigraphy has chronostratigraphic connotations, assigning all of these sediments to the Terrington Beds would imply that the whole succession was deposited between c. 3250 BP and the present. This scenario, although not disproved, is highly unlikely. The 3250 BP isochron cannot be defined in the foreshore facies due to a lack of datable material. Gallois (1979) states that the Terrington Beds rest on intertidal deposits. As the Terrington Beds in the northern part of the area are also intertidal, differentiation on this basis is similarly not possible.
In view of the above difficulties it would appear that the present lithostratigraphic scheme employed by the British Geological Survey (BGS) (that is, Gallois, 1979; Wyatt, 1984; Horton & Aldiss, 1992 ) is unsuitable for the Holbeach area.
3. Lithostratigraphic classification in coastal lowlands 3.a. Analogous stratigraphic problems Problems with lithostratigraphic classification, similar to those outlined from Fenland, have been experienced in the coastal plane of the southeastern North Sea (the coasts of northeastern France, Belgium, The Netherlands and Germany). As in Fenland, these problems arose primarily because of the variability of sediments deposited in coastal lowlands.
It is characteristic of sediments deposited in such areas that they are subject to lateral facies changes and possess diachronous lithological contacts. Lateral facies change may occur over tens of kilometres, but have the tendency to be ignored by stratigraphers working on a more localized scale. This scenario is true of The Netherlands where Van Loon (1981) also notes that it is often not clear where to place minor lithologies. This is particularly true of peat lenses within marine clastic units.
Two systems of lithostratigraphic division (that of Zagwijn & Van Staalduinen, 1975, and W. Roeleveld, unpub. Ph.D. thesis, Vrije Univ. Amsterdam, 1974) are available in The Netherlands. Under the Zagwijn & Van Staalduinen lithostratigraphy, the marine, coastal, lagoonal and perimarine Holocene deposits of The Netherlands are grouped into the Westland Formation, which is subdivided into the Older and Younger Dunes, Dunkirk Deposits, Calais Deposits, Gorkum Deposits, Tiel Deposits, Basal Peat and Holland Peat. Fluviatile sediments not deposited in the perimarine area are included in the Betuwe Formation.
Although used by the Geological Survey of The Netherlands, several authors have raised objections to the Westland Formation. The available descriptions are both vague, and ineffective as field guides (Van Loon, 1981) . The Westland Formation is described as "consisting of alternations of coarse to fine sands, light to heavy clay and peat; almost all possible combinations of the lithostratigraphic units may occur" (translated from Zagwijn & Van Staalduinen, 1975 , p. 365 by Van Loon, 1981 . The base of the unit and underlying deposits are not described (the underlying units being pre-Holocene) and the upper boundary is poorly and erroneously defined as the local land surface. Whether this is the land surface in 1975 or another year is not stated. Moreover, in places the Westland Formation is overlain by recent fluvial deposits of the Betuwe Formation. Three stratotypes are defined but neither are distinguished as paramount (holostratotype). Type areas are indicated but not type locations for the stratotypes.
The subdivisions of Zagwijn & Van Staalduinen (1975) are based primarily on age and genesis and not on lithology (Brouwer, 1976) . For example, the Tiel and Gorkum deposits cannot be distinguished on the basis of lithology and have therefore to be radiocarbon-dated (Berendsen, 1984a) . The river deposits of the Rhine and Meuse are included in the Betuwe Formation unless deposited in the perimarine area where they are considered to be part of the Westland Formation. However, the perimarine area (sensu Hageman, 1969 ) is a genetic concept which refers to "the area where the sedimentation or seditation took place under the direct influence of the relative sea-level movements but where marine or brackish sediments themselves are absent" (Hageman, 1969, p. 377) . Not only are the deposits of the Betuwe Formation lithologically indistinguishable from those of the perimarine area, but this distinction has proven particularly problematic as recent work (Berendsen, 1984 b) has found little evidence to support the existence of a perimarine area (sensu Hageman, 1969) .
Another of the problems with the Zagwijn & Van Staalduinen (1975) scheme has been the adoption of pre-existing terms which have previously been used non-lithostratigraphically. The genetic and chronostratigraphic connotations associated with the terms Calais and Dunkirk have proved particularly difficult to detach (Berendsen, 1984a) .
In the scheme of W. Roeleveld (unpub. Ph.D. thesis, Vrije Univ. Amsterdam, 1974) , the North Sea Group, synonymous with units of the Westland Formation, is subdivided into the Wold Formation (peat) and the Groningen Formation (elastics) which are defined solely on lithology. However, proper descriptions and stratotypes are not given (Van Loon, 1981; Berendsen in Van Loon, 1985) and it is not clear where to place subordinate units or even whether the Groningen Formation contains all marine clastic sediments. Baeteman (1981) working on the sediments of Belgium coastal plain, which can be viewed as a continuation of the Dutch sequence, encountered similar problems to those experienced in the Netherlands. The Belgium sequence had been divided into three units: Calais Deposits, surface peat and the Dunkirk Deposits. As in The Netherlands, serious confusion existed in the literature as to the exact definition of the terms Calais and Dunkirk. The surface peat (regarded as the dividing unit) is not always present and because similar environments existed throughout the infilling of the coastal plain, the Calais and Dunkirk deposits cannot be differentiated lithologically (Baeteman, 1981) .
3.b. Attempted solutions
The problems of distinguishing stratigraphic units within deposits which are lithologically similar has been overcome by Allen (1987) and Allen & Rae (1987) for the saltmarsh deposits of the Severn estuary. The late Holocene sediments are divided into four morphostratigraphic units (Wentlooge, Rumney, Awre and Northwick formations) on the basis of their consistent altitude. However, in this respect the Severn estuary is unusual; in other areas, including Fenland, altitudinal correlation is made untenable by pronounced consolidation (Waller, 1994; A. J. Wheeler, unpub . Ph.D. thesis, Univ. Cambridge, 1994).
Some of the problems of defining deposits of coastal lowlands by conventional stratigraphic procedures (cf. Hedberg, 1976; Holland et al. 1978; Whittaker et al. 1991) can be avoided by the use of profile types (Barckhausen, Preuss & Streif, 1977; Streif, 1978) . This system of geological mapping has been employed for the deposits of the coastal plain of Belgium (Baeteman, 1981; Baeteman, 1985; Baeteman & Paepe, 1991) , Germany (Barckhausen & Streif, 1978) and The Netherlands (De Jong, Hageman & Van Rummelen, 1960) . A profile type ) defines a sedimentary succession at a particular location based on the vertical relationship and order of sediment types (usually simplified into clastic and organic deposits). Three main profile types exist: X type containing only clastic units (although peat may occur at the top of the complex), Y type containing intercalated clastic and peat units, and Z type containing only peat units (although clastic units may occur at the top or base of the sequence). Subordinate profile types can also be defined. On sequence maps (employing profile types) the geographic distribution of different types of sedimentary sequences can be represented, whereas a single unit might be represented on conventional outcrop maps [cf. the geological map of King's Lynn (Gallois, 1978) ]. Sequence maps are particularly useful to those interested in the variability of the stratigraphic column, e.g. civil engineers.
Although profile type maps may be useful, such schemes cannot be considered systems of stratigraphic classification. Although the degree of intercalation between deposits is categorized, correlation on the basis of lithology or time is not expressed, though may be implied (possibly falsely). Furthermore, in our experience the scheme is not a good aid to communication with complexes, profiles and sequences denoted by numbers and letters which are not easily memorized, though Baeteman (1987) claims that the system is more easily read and interpreted by the nongeologist.
Additional limitations include the need to define special profile types to classify boreholes which penetrate varying amounts of the complete sequence. Also, boreholes from different sources are recorded with differing degrees of accuracy and detail, with the result that the map produced may merely reveal differences in the accuracy of borehole descriptions.
Towards a new Fenland lithostratigraphy
One possible solution to the problems of lithostratigraphic classification in Fenland would be to adopt (as a system of lithostratigraphic division only) and modify the scheme of Gallois (1979) . There are three major objections to this. Firstly, not only are chronological connotations implicit in the present definitions, but once attained, as noted above, they are virtually impossible to detach. Secondly, this, or any other four-part scheme, cannot easily be adapted to areas where such sequences are not found. Some assumptions concerning the relationship of a particular sequence to the four-part scheme have to be made. Thirdly, the divisions are ill-defined. Although the units have been given type localities, no type sections have been defined. The type localities consist of broad areas, the extent of which is not clear. As a result there are no specific sequences which constitute the standard for the definition and recognition of these units. This also means that it is unlikely that the type localities will correspond with where the units are best developed. The deposits at these localities may not even be particularly representative of the units.
An alternative new scheme of lithostratigraphic classification is now required. Within Fenland three main bodies of Holocene sediment are readily recognized and must form the basis of any classification. Namely the clastic deposits which predominate seaward, organic deposits (largely peat) and clastic deposits found where rivers enter the basin. These should be assigned to formations and stratotypes defined where they are best developed (usually where one sediment type makes up the stratigraphic column). To accommodate the within-Fenland variation in the vertical succession, separate regional sub-divisions (members) will be required with accompanying subordinate stratotypes. There are a series of natural embayments where the major rivers enter Fenland which can form the basis of this regional division, with central Fenland forming a separate region (see Waller, 1994) . Correlation, to the lowest justifiable element in the hierarchy, should be made by lateral continuity and/or stratigraphic position, in addition to lithology, given the variability of the latter.
With such a scheme, boundaries will have to be drawn where the different embayments coalesce. Although stratigraphic information could be used in their definition, it is these areas where stratigraphic relationships are at present most uncertain. In some cases, the boundaries will therefore have to be of an arbitrary nature. Rather than being a problem this may serve to highlight the critical areas. Where stratigraphic correlation across a boundary is established, this information can easily be detailed as supplementary information. However, it would be neither possible nor desirable, in the absence of stratigraphic continuity, to attempt to lithostratigraphically correlate the sequences found on the edge of the basin across central Fenland.
Until such a formal scheme of lithostratigraphic classification is devised, informal terms can be used to describe the position, in a vertical succession, of a particular body of sediment. Waller (1994) used the following terms to describe the organic layers; basal peat (a peat at the base of the Holocene which is overlain by clastic sediment), intercalated peat (a peat A. J. WHEELER & M. P. WALLER which lies between two Holocene clastic layers), upper peat (a surface peat which lies above a Holocene clastic layer). The clastic sediments were named after their predominant lithology. Other than being applied to Holocene sediments, these terms have no chronological connotations.
Conclusions
The problems associated with current and former Fenland lithostratigraphic schemes fall into two main categories. Firstly, there is the disregard of stratigraphic procedure by the confusion of chrono-and lithostratigraphy. Secondly, there are the difficulties of fitting sediments deposited in coastal lowlands into simple stratigraphic schemes. In view of the failing of the present BGS lithostratigraphy as a mapping tool, it is suggested that the system be abandoned before further confusion ensues, and that a new lithostratigraphy is devised. Because of the variability of the Fenland deposits, it is not possible to devise one scheme applicable to the whole basin. Regional subdivisions and a series of stratotypes are needed. In the meantime, it is suggested that workers adopt an informal lithostratigraphy with no time connotations applied to the scheme.
